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FKLSEUHDNDJHFKLSIUHHVXUIDFHWHPSHUDWXUHFKLSJHRPHWU\
 ,QWURGXFWLRQ
&KLS EUHDNDJH LV D PDMRU FULWHULRQ RI PDFKLQDELOLW\ LQ
SDUWLFXODU LQ DXWRPDWHG PDQXIDFWXULQJ V\VWHPV >@
8QIDYRXUDEOH FKLS IRUPVPD\ KLQGHU WKHLU HIILFLHQW UHPRYDO
>@PHFKDQLFDOO\GDPDJH WKHPDFKLQHGVXUIDFH >@RU LQ WKH
ZRUVWFDVHPD\LPSRVHDKD]DUGWRWKHPDFKLQHRSHUDWRU>@
7KH FXUUHQW DSSURDFKHV RI GHVLJQLQJ FXWWLQJ WRROV DQG
SURFHVVHV ZLWK UHJDUG WR WKHLU FKLS EUHDNDJH SURSHUWLHV DUH
VWLOO GRPLQDWHG E\ H[SDQVLYH HPSLULFDO ³WULDO 	 HUURU´
PHWKRGRORJLHV 7KH QHHG IRU SUHGLFWLYH PRGHOEDVHG
GHVLJQLQJDSSURDFKHV LVFRQWLQXRXVO\JURZLQJ+RZHYHU WKH
XQGHUVWDQGLQJRQKRZWKHSK\VLFDOSKHQRPHQDZKLFKJRYHUQ
FKLSEUHDNDJHDUHFRQWUROODEOHE\WKHWRROSURFHVVSDUDPHWHUV
UHPDLQVYHU\OLPLWHG>@
&KLS EUHDNDJH LQLWLDWHV ZLWK GXFWLOH PDWHULDO IDLOXUH RQ WKH
FKLS IUHH VXUIDFH >@'XULQJ DFKLSEUHDNDJHF\FOH WKHFKLS
PDWHULDO LV VXEMHFWHG WR D FKDUDFWHULVWLF GHIRUPDWLRQ KLVWRU\
XQWLO ILQDO IUDFWXUH LQLWLDWHV LQ WKH FKLS EUHDNDJH ORFDWLRQ $
FKLSEUHDNDJH F\FOH FDQEH VXEGLYLGHG LQWR IRXU FRQVHFXWLYH
SKDVHV>@&KLSIRUPDWLRQSKDVH&KLSIORZSKDVH
&KLSEHQGLQJSKDVHGXULQJZKLFKWKHFKLSKHOL[LVREVWUXFWHG
HLWKHU E\ WKH WRRO IODQN IDFH RU WKH ZRUNSLHFH VXUIDFH DQG
ILQDOO\GXFWLOHPDWHULDOIDLOXUHLQWKHFKLSEUHDNDJHSKDVH
7KH GXFWLOH IDLOXUH VWUDLQ RI WKH YDVW PDMRULW\ RI VWHHOV LV D
IXQFWLRQ RI WKH WKHUPRPHFKDQLFDO ORDG VSHFWUXP ZKLFK ±
GHSHQGLQJRQWKHPDWHULDO±LQFOXGHVWKHVWUHVVVWDWHWKHVWUDLQ
UDWH DQG WKH WHPSHUDWXUH -RKQVRQ DQG &RRN SURSRVHG D
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ZLGHO\ DSSOLHG HTXDWLRQ IRU WKH FDOFXODWLRQ RI WKH FULWLFDO
VWUDLQDWGXFWLOHIDLOXUH>@
  ¸¸¹·¨¨©§ ¸¸¹·¨¨©§   0m 0504D21f TT TTD1lnD1eDD 3 İİİ Ș   (1)
ZKHUH fİ GHQRWHV WKH FULWLFDO IDLOXUH VWUDLQ Ș WKH
GLPHQVLRQOHVV VWUHVV WULD[LDOLW\ UDWLR RI HTXLYDOHQW VWUHVV WR
PHDQVWUHVV İ WKHVWUDLQUDWHDQG7WKHWHPSHUDWXUH'WR'
DUHPDWHULDOFRQVWDQWVDQG 0İ DQG7DUHUHIHUHQFHYDOXHVIRU
VWUDLQ UDWH DQG WHPSHUDWXUH 7P LV WKH PHOWLQJ WHPSHUDWXUH
8VXDOO\DPDWHULDO¶VGXFWLOLW\LQFUHDVHVZLWKGHFUHDVLQJVWUHVV
WULD[LDOLWLHV LQFUHDVLQJ VWUDLQ UDWHV DQG LQFUHDVLQJ
WHPSHUDWXUHV.ORFNHHWDOVXFFHVVIXOO\DSSOLHG WKH-RKQVRQ
&RRN GDPDJH PRGHO IRU WKH VLPXODWLRQ RI FKLS EUHDNDJH LQ
ORQJLWXGLQDOWXUQLQJSURFHVVHVRI$,6,>@+RZHYHUWKH
WKHRUHWLFDO XQGHUVWDQGLQJ RQ KRZ WKH ORDG VSHFWUXP LQ WKH
FKLS EUHDNDJH ORFDWLRQ LV UHODWHG WR WKH WRROSURFHVV
SDUDPHWHUV LV YHU\ OLPLWHG 7KLV XQGHUVWDQGLQJ LV KRZHYHU
HVVHQWLDO IRU GHYHORSLQJ SUHGLFWLYH PHWKRGRORJLHV RI
WRROSURFHVV GHVLJQ IRU IDYRUDEOH FKLS IRUPV ,Q D ILUVW VWHS
WKLV FRPSOH[ WDVN FDQ EH DSSURDFKHG E\ LQYHVWLJDWLQJ WKH
UHODWLRQVKLS EHWZHHQ WKH ORDG VSHFWUXP DQG WKH FKLS
JHRPHWU\ ZKLFK LV DQ LQWHJUDO UHSUHVHQWDWLRQ RI WKH FXWWLQJ
FRQGLWLRQV WRRO SDUDPHWHUV DQG WKHUPRPHFKDQLFDO PDWHULDO
SURSHUWLHV >@ 7KXV E\ XQGHUVWDQGLQJ WKH UHODWLRQVKLS
EHWZHHQ ORDGVSHFWUXPDQGFKLSJHRPHWU\ WKH IRXQGDWLRQ LV
FUHDWHG IRU WKH XQGHUVWDQGLQJ RI WKH UHODWLRQVKLS EHWZHHQ
WRROSURFHVVSDUDPHWHUVDQGFKLSEUHDNDELOLW\


)LJ 6FRSHRIWKLVZRUN
7KLV ZRUN SUHVHQWV DQ DQDO\WLFDO VWXG\ RI WKH UHODWLRQVKLS
EHWZHHQ WKH WKUHH GLPHQVLRQDO FKLS JHRPHWU\ DQG WKH
WHPSHUDWXUH GLVWULEXWLRQ LQ WKH FKLS EUHDNDJH ORFDWLRQ VHH
)LJ
&RQVLGHUDEOH DQDO\WLFDOZRUNRQ WKH WHPSHUDWXUHGLVWULEXWLRQ
LQ WKH FXWWLQJ ]RQH LV DYDLODEOH LQ WKH OLWHUDWXUH .RPDQGXUL
DQG+RX DQDO\WLFDOO\ GHULYHG WKH WHPSHUDWXUH GLVWULEXWLRQ LQ
WKH ZRUNSLHFH FKLS DQG FKLS WRRO LQWHUIDFH >@ >@ >@
7KH\FRQVLGHUHGWKHSULPDU\DQGVHFRQGDU\VKHDU]RQHDVKHDW
VRXUFHV ZKHUH H[WHQVLYH SODVWLF GHIRUPDWLRQ DQG IULFWLRQ
UHVXOWV LQ FKDUDFWHULVWLF WHPSHUDWXUH LQFUHDVHV6LPLODUZRUNV
DUHSUHVHQWHGE\.DUSDWDQGg]HOZKRSURSRVHGDQDQDO\WLFDO
PRGHO RI WKH WHPSHUDWXUH GLVWULEXWLRQ LQ RUWKRJRQDO FXWWLQJ
>@ 7KHLU PRWLYDWLRQ ZDV WKH LPSURYHG XQGHUVWDQGLQJ RI
WKHUPDOO\DFWLYDWHGWRROZHDU
7KHDYDLODEOHPRGHOVIRFXVRQWKHKHDWJHQHUDWLRQLQWKHVKHDU
]RQHVDQGVXEVHTXHQWO\GHULYHWKHWHPSHUDWXUHGLVWULEXWLRQVLQ
WKH FKLS DQGRU WRRO FKLS LQWHUIDFH 7KH QRYHOW\ RI WKH
SURSRVHG ZRUN LV WKH FUHDWLRQ RI D UHODWLRQVKLS EHWZHHQ WKH
'FKLSJHRPHWU\SDUDPHWHUVDQGWKHWHPSHUDWXUHGLVWULEXWLRQ
RQWKH'FKLSIUHHVXUIDFHZKLFKZDVQRW\HWIXOO\DGGUHVVHG
LQ WKH OLWHUDWXUH ,W ZLOO EH VKRZQ KRZ WKH FKLS JHRPHWU\
SDUDPHWHUV LQIOXHQFHV WKH WHPSHUDWXUH GLVWULEXWLRQ DQG WKXV
DOVRLQIOXHQFHVFKLSEUHDNDJH
7KHWHPSHUDWXUHRQWKHFKLSIUHHVXUIDFH LVKDUGO\REWDLQDEOH
E\ H[SHULPHQWV 7KH YDOLGDWLRQ RI WKH SURSRVHG PRGHO
LQFOXGHV WKH DSSOLFDWLRQ RI D ' )(SURFHVV PRGHO RI
ORQJLWXGLQDO WXUQLQJ RI VWHHO $,6,  ZKRVH WHPSHUDWXUH
SUHGLFWLRQ RQ WKH FKLS RXWVLGH KHOLFDO VXUIDFH LV
H[SHULPHQWDOO\YHULILDEOHE\DFRORUS\URPHWHU
 3URSRVHG$QDO\WLFDO5HODWLRQVKLSEHWZHHQWKH'&KLS
*HRPHWU\ DQG WKH7HPSHUDWXUH'LVWULEXWLRQ LQ WKH&KLS
%UHDNDJH/RFDWLRQ
)RUWKHGHULYDWLRQRIWKHSURSRVHGPRGHOLWLVDVVXPHGWKDWD
FKDUDFWHULVWLF IUDFWLRQ RI WKH SODVWLF HQHUJ\ (3ODVW ZKLFK LV
FRQYHUWHGRQWKHFKLSIUHHVXUIDFHLVWUDQVIRUPHGLQWRWKHUPDO
HQHUJ\ (7KHUP 7KH ORFDO DPRXQW RI WKHUPDO HQHUJ\ LV WKHQ
UHODWHG WR WKH WHPSHUDWXUH GLVWULEXWLRQ 7KH IUDFWLRQ RI(3ODVW
ZKLFKWUDQVIRUPVLQWR(7KHUPLVDOVRUHIHUUHGWRDVWKH7D\ORU
4XLQQH\FRHIILFLHQWȕ
ThermPlast EE  ȕ      
,W LV RIWHQ DVVXPHG WKDW WKH 7D\ORU4XLQQH\ FRHIILFLHQW ȕ LV
FRQVWDQW>@HYHQWKRXJKLWVGHSHQGHQFHRQWKHSODVWLFVWUDLQ
LV UHSRUWHG E\ PDQ\ UHVHDUFKHV ,Q WKLV ZRUN =HKQGHU¶V
UHODWLRQVKLSLVDSSOLHGZKLFKFDOFXODWHVȕDVDIXQFWLRQRIWKH
SODVWLF HTXLYDOHQW VWUDLQ İHT WKH VWUDLQ KDUGHQLQJ H[SRQHQW Q
DQGWKHVWUDLQDW\LHOGLQJİ>@
1n
0
eq
eq n1)(

¸¸¹
·
¨¨©
§ 
İ
İ
İȕ     
7KHSODVWLFHQHUJ\(3ODVWPHQWLRQHGLQHTLVWKHLQWHJUDORI
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7KH\LHOG VWUHVVı\OG LQHT  LVFRQVLGHUHGDVD IXQFWLRQRI
WKH SODVWLF HTXLYDOHQW VWUDLQ$Q H[SRQHQWLDOZRUNKDUGHQLQJ
EHKDYLRU LV DVVXPHG ZKLFK ZDV IRU H[DPSOH SURSRVHG E\
-RKQVRQDQG&RRN>@
n
eqeqyld BA)( İİı      
7KH HTXLYDOHQW SODVWLF VWUDLQ İHT LQ HT  LV FDOFXODWHG DV D
IXQFWLRQ RI WKH ' FKLS JHRPHWU\ DQG WKH FXWWLQJ DQG WRRO
SDUDPHWHUV ZKLFK GHWHUPLQH WKH VKDSH RI WKH FKLS FURVV
VHFWLRQ$QDQDO\WLFDOPRGHOLVDSSOLHGLQWKLVZRUNZKLFKLV
EULHIO\ VXPPDUL]HG LQ WKH IROORZLQJ ZKHUHDV LWV GHULYDWLRQ
DQG YDOLGDWLRQ LV EDVHG RQ DQ HDUOLHU SXEOLFDWLRQ >@ 7KH
PRGHO VXEGLYLGHV WKH PDWHULDO GHIRUPDWLRQ RQ WKH FKLS IUHH
VXUIDFH GXULQJ FKLS IRUPDWLRQ DQG FKLS FXUO LQWR ILYH VWUDLQ
LQFUHPHQWVZKLFKDUHVHSDUDWHO\GHULYHGDVD IXQFWLRQRIWKH
FXWWLQJFRQGLWLRQVDQGFKLSJHRPHWU\SDUDPHWHUV

0DWHULDO)DLOXUHRQ&KLS)UHH6XUIDFH
7RRO3URFHVV 3DUDPHWHUVDQG0DWHULDO3URSHUWLHV &KLS*HRPHWU\
6WUDLQ5DWH6WUHVV6WDWH 7HPSHUDWXUH6WUDLQ
SK
Ĭ UZ
6FRSH RI
WKLV ZRUN
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
)LJ 6XPPDU\RIDQDO\WLFDOPRGHOIRUWKHFDOFXODWLRQRIWKHHTXLYDOHQW
SODVWLFVWUDLQRQWKHFKLSIUHHVXUIDFHDVDIXQFWLRQRIWKHFKLSJHRPHWU\>@
 6WUDLQLQFUHPHQWİȟK DVVRFLDWHGZLWKFKLSFRPSUHVVLRQLQ
GLUHFWLRQRIFKLSWKLFNQHVV
 6WUDLQLQFUHPHQWİȟWDVVRFLDWHGZLWKFKLSFRPSUHVVLRQLQ
GLUHFWLRQRIFXWWLQJHGJH
 6WUDLQLQFUHPHQWȖVLGHDVVRFLDWHGZLWKFKLSVLGHVKHDULQJ
 6WUDLQLQFUHPHQWİXSFDVVRFLDWHGZLWKFKLSXSFXUOLQJ
 6WUDLQLQFUHPHQWİVLGHFDVVRFLDWHGZLWKFKLSVLGHFXUOLQJ
)LJ  JLYHV D JUDSKLFDO UHSUHVHQWDWLRQ RI WKH GHULYDWLRQ
DSSURDFKIRUHDFKVWUDLQLQFUHPHQW(DFKSUHVHQWHGYDULDEOHLV
JHRPHWULFDOO\ GHULYHG DV D IXQFWLRQ RI WKH FKLS JHRPHWU\
SDUDPHWHUV WKHFXWWLQJFRQGLWLRQVDQGWKHSRVLWLRQSDUDPHWHU
VRQWKHFXWWLQJHGJH
(DFK VWUDLQ LQFUHPHQW LV SURMHFWHG LQWR WKH FDUWHVLDQ
FRRUGLQDWHV\VWHP[\]LQRUGHUWRGHILQHWKHVWUDLQWHQVRU
ZKLFK LQ UHWXUQ LV WUDQVODWHG LQWR WKH HTXLYDOHQW YRQ 0LVHV
VWUDLQ )LQDOO\ WKH HTXLYDOHQW VWUDLQ LV IRUPXODWHG DV D
IXQFWLRQRIWKHSRVLWLRQYDULDEOHZZKLFKUXQVDORQJWKHFKLS
IUHHVXUIDFHRUWKRJRQDOWRWKHFKLSIORZGLUHFWLRQ
7KHPRGHOZDVVXFFHVVIXOO\YDOLGDWHGE\ORQJLWXGLQDOWXUQLQJ
WHVWVZLWKUHVSHFWWRWKHSUHGLFWHGFKLSFURVVVHFWLRQDQGE\D
FRQILUPHG ' )(SURFHVV PRGHO ZLWK UHVSHFW WR WKH VWUDLQ
ILHOGV>@
7KH WKHUPDO HQHUJ\ (7KHUP LQ HT  ZKLFK VWDQGV IRU WKH
HQHUJ\DPRXQWQHHGHGWRLQFUHDVHWKHWHPSHUDWXUHIRUǻ7 7
75RIDPDWHULDOPDVVRIPZLWKDKHDWFDSDFLW\FSǻ7FDQ
EHH[SUHVVHGDV
T)T(cmE pT herm ǻǻ      
ZKHUH75GHQRWHVURRPWHPSHUDWXUH
)RU WKH FRQVLGHUHG PDWHULDO $,6,  RI WKLV ZRUN
WHPSHUDWXUH GHSHQGHQW PDWHULDO GDWD IRU WKH KHDW FDSDFLW\
FSǻ7LVWDNHQIURPWKHOLWHUDWXUH>@
)LJVKRZVWKHDGRSWHGGDWDDQGWKHDSSURDFKWRFDOFXODWHFS
DVDIXQFWLRQRIǻ7,QWKLVZRUNWKHFRQVLGHUHGWHPSHUDWXUH
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H[SUHVVHGE\DOLQHDUIXQFWLRQRIWKHIRUP
bTa)T(cp  ǻǻ      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ZKHUH D DQG E DUH PDWHULDO FRQVWDQWV ZKLFK KDYH WR EH
FDOLEUDWHGIURPWKHJLYHQGDWD
,W FDQ EH VKRZQ WKDW FRPELQLQJ HT 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 WKURXJK 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VROYLQJ IRU WKH WHPSHUDWXUH 7 \LHOGV WR WKH IROORZLQJ
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)LJ &RQVLGHUHG WHPSHUDWXUH UDQJH IRU SURSRVHG PRGHO DQG OLQHDU
DSSURDFKIRUFDOFXODWLRQRIKHDWFDSDFLW\0DWHULDOGDWDIRU$,6,>@

7DE 0DWHULDOSURSHUWLHVDQGDFFRUGDQWFRQVWDQWVRIWKHSURSRVHGPRGHO
IRUVWHHO$,6,
3URSHUW\ &RQVWDQW 9DOXH 8QLW 5HI
3ODVWLFLW\
$  03D
>@%  03D
Q  
İ   >@
+HDW
&DSDFLW\
D  -.J. >@E  -.J.
75  & 
'HQVLW\ ȡ H .JPP >@
GDWDXVHGIRUFDOLEUDWLRQRIDDQGE
 9DOLGDWLRQ
6LQFH WKH WHPSHUDWXUHILHOGRQWKHFKLSIUHHVXUIDFH LVKDUGO\
PHDVXUDEOH LQ FXWWLQJ H[SHULPHQWV WKH IROORZLQJ YDOLGDWLRQ
SURFHGXUHLVSURSRVHGVHH)LJ
7HPSHUDWXUHPHDVXUHPHQWVRIWKHFKLSRXWVLGHKHOLFDOVXUIDFH
RI H[WHUQDO ORQJLWXGLQDO WXUQLQJ WHVWV RQ VWHHO$,6,  DUH
XVHGWRYDOLGDWHD')(VLPXODWLRQPRGHO7KHWHPSHUDWXUHV
DUH PHDVXUHG ZLWK D FRORUS\URPHWHU ZKLFK LV DSSOLHG
WKURXJKDKROHLQWKHWRROUDNHIDFH7KH)(SURFHVVPRGHOLV
ILUVWO\YDOLGDWHGE\WKHH[SHULPHQWDOGDWDDQGVHFRQGO\XVHGWR
YDOLGDWH WKH SURSRVHG DQDO\WLFDO PRGHO RQ WKH FKLS IUHH
VXUIDFHZKHUHPHDVXUHPHQWVDUHKDUGO\SRVVLEOH
,Q WKH IROORZLQJ WKH FXWWLQJ H[SHULPHQWV DQG WKH )(PRGHO
DUHEULHIO\GHVFULEHG

)LJ9DOLGDWLRQSURFHGXUH
7HPSHUDWXUHPHDVXUHPHQWVGXULQJORQJLWXGLQDOWXUQLQJ
H[SHULPHQWVRQ6WHHO$,6,
7KH WHPSHUDWXUH PHDVXUHPHQWV DUH WDNHQ IURP WKH OLWHUDWXUH
>@ (VVLJ DSSOLHG D FRORUS\URPHWHU WR PHDVXUH WKH
WHPSHUDWXUHRIWKHIORZLQJFKLSWKURXJKDKROHLQWKHWRROUDNH
IDFHVHH)LJ


)LJ ([SHULPHQWDO VHWXS RI WHPSHUDWXUH PHDVXUHPHQWV LQ H[WHUQDO
ORQJLWXGLQDOWXUQLQJSURFHVVHVE\DFRORUS\URPHWHU>@
)(3URFHVV0RGHORI/RQJLWXGLQDO7XUQLQJRI$,6,
$')(PRGHORIORQJLWXGLQDOWXUQLQJLVGHYHORSHG
,QWKLVZRUNWKHFRPPHUFLDO)(FRGH'HIRUP'YLV
XWLOL]HG ZKLFK LV EDVHG RQ WKH LPSOLFLW XSGDWHG /DJUDQJLDQ
IRUPXODWLRQ7DEVXPPDUL]HVWKHLPSOHPHQWHGSDUDPHWHUV
RIWKH)(PRGHO7KHLQVHUWJHRPHWULHVZHUHSURYLGHGE\WKH
WRRO PDQXIDFWXUHUV DQG LPSOHPHQWHG LQWR WKH )(FRGH 7KH
ZRUNSLHFHYROXPHDURXQGWKHFXWWLQJHGJHDQGWKHYROXPHRI
WKHFKLSLVPHVKHGZLWKWHWUDKHGUDOHOHPHQWVRIWKHVL]H
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9DOLGDWLRQRI$QDO\WLFDO0RGHORI7HPSHUDWXUH'LVWULEXWLRQ
)LJVKRZVWKHFRPSDULVRQVEHWZHHQWKH)(SURFHVVPRGHO
DQG WKH H[SHULPHQWDO WHPSHUDWXUH PHDVXUHPHQW RI WKH
PHDVXULQJ SRLQW RQ WKH FKLS KHOLFDO VXUIDFH >@ ,Q WKH )(
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WKHFRQVLGHUHGPHDVXULQJSRLQWRQWKHFKLSVXUIDFH)RUERWK
FXWWLQJ FRQGLWLRQV VWHDG\ VWDWH ZDV UHDFKHG DIWHU D FXWWLQJ
OHQJWK RI DSSUR[  PP 7KH DYHUDJH HUURU EHWZHHQ )(
PRGHO DQG H[SHULPHQW LV 7KHUHIRUH WKH )(PRGHO JLYHV
UHDVRQDEOH DFFXUDWH UHVXOWV DQG LV UHJDUGHG WR EH
H[SHULPHQWDOO\ YDOLGDWHG ,W FDQ WKXV EH DSSOLHG LQ RUGHU WR
YDOLGDWHWKHSURSRVHGDQDO\WLFDOPRGHO


)LJ ([SHULPHQWDOYDOLGDWLRQRI)(SURFHVVPRGHOIRUVWHHO$,6,
)LJ SUHVHQWV WKHSUHGLFWHG WHPSHUDWXUHGLVWULEXWLRQVRI WKH
SURSRVHG DQDO\WLFDO PRGHO DV D IXQFWLRQ RI WKH SRVLWLRQ
SDUDPHWHU RQ WKH FKLS IUHH VXUIDFH LQ FRPSDULVRQ WR WKH
H[SHULPHQWDOO\ YDOLGDWHG )(PRGHO 7KH FKLS JHRPHWU\
SDUDPHWHUVZHUHPHDVXUHGLQWKH)(PRGHODQGLPSOHPHQWHG
LQWR WKH SURSRVHG DQDO\WLFDO PRGHO LQ RUGHU WR FDOFXODWH WKH
ORFDOWHPSHUDWXUH7KHUHODWLYHHUURUEHWZHHQERWKPRGHOVDQG
WKHPHDVXUHGFKLSJHRPHWU\SDUDPHWHUVDUHDOVRJLYHQLQWKH
ILJXUH


)LJ9DOLGDWLRQRISURSRVHGDQDO\WLFDOPRGHOIRUSUHGLFWLQJWKHWHPSHUDWXUH
GLVWULEXWLRQRQWKHFKLSIUHHVXUIDFH
7KH UHODWLYH HUURU EHWZHHQ ERWK PRGHOV LV  RQ WKH
PDMRUFXWWLQJHGJHZKLOH LW UXQV WRZDUGVYHU\KLJKYDOXHV LQ
WKH WRRO FRUQHU UHJLRQ7KLV LV H[SODLQHGE\ WKH IDFW WKDW WKH
DSSOLHG PRGHO RI WKH HTXLYDOHQW VWUDLQ GRHV QRW FRQVLGHU
PDWHULDOVHSDUDWLRQ LQ WKH WRROFRUQHU UHJLRQZKHUH WKHXQFXW
FKLSWKLFNQHVVUXQVWRZDUGV]HUR,QSRVLWLRQZZPD[ WKH
PDWHULDOVHSDUDWLRQEHWZHHQZRUNSLHFHVXUIDFHDQGFKLSWDNHV
SODFH 6LQFH WKH PRGHO GRHV QRW SUHGLFW DQ\ VHSDUDWLRQ WKH
VWUDLQV EHFRPH YHU\ ODUJH ZKLFK LQ UHWXUQ FDXVHV D ODUJH
LQFUHDVH RI WKH WHPSHUDWXUHV DFFRUGLQJ WR HT  +RZHYHU
H[SHULPHQWDO HYLGHQFH IURP KLJK VSHHG YLGHR IRRWDJH RI
ORQJLWXGLQDO WXUQLQJ SURFHVV VXJJHVWV WKDW FKLS EUHDNDJH
LQLWLDWHVRQWKHPDMRUFXWWLQJHGJHDWPD[LPXPYDOXHVRIWKH
SRVLWLRQ SDUDPHWHU 7KHUHIRUH WKH SURSRVHG PRGHO GHOLYHUV
UHDVRQDEOHDFFXUDWHUHVXOWV
 $SSOLFDWLRQRI3URSRVHG0RGHO6HQVLWLYLW\$QDO\VLV
,Q WKH IROORZLQJ WKH SURSRVHG PRGHO ZLOO EH DSSOLHG LQ D
SDUDPHWULF VWXG\ RI WKH LPSDFW RI WKH FKLS JHRPHWU\
SDUDPHWHUV RQ WKH UHVXOWLQJ WHPSHUDWXUH GLVWULEXWLRQ RQ WKH
FKLSIUHHVXUIDFH
,Q HDFK VWXG\ RQO\ RQH SDUDPHWHU LV YDULHGZKLOH WKH RWKHUV
DUH NHSW FRQVWDQW DW UHIHUHQFH YDOXHV 7KH YDULHG SDUDPHWHUV
DUH KDOI DQG GRXEOH LQ YDOXH FRPSDUHG WR WKH UHIHUHQFH
SDUDPHWHUV
7KH UHVXOWV VKRZQ LQ )LJ  LQGLFDWH WKDW WKH KHOLFDO FKLS
UDGLXVKDVWKHVWURQJHVWLPSDFWRQWKHWHPSHUDWXUHGLVWULEXWLRQ
RQWKHFKLSIUHHVXUIDFH'HFUHDVLQJUUHVXOWVLQDQLQFUHDVHRI
WKHWHPSHUDWXUHZKLFKLQUHWXUQLQFUHDVHVWKHGXFWLOLW\RIWKH
PDWHULDO >@6LQFHGHFUHDVLQJUDOVRUHVXOWV LQDQ LQFUHDVHRI
WKHSODVWLFVWUDLQRQWKHFKLSIUHHVXUIDFH>@WKHHIIHFWRIURQ
FKLS EUHDNDJH LV DPELYDOHQW 5HJDUGLQJ WKH GHIRUPDWLRQ LW
LPSURYHV FKLS EUHDNDELOLW\ZKLOH LW GHFUHDVHVZLWK UHJDUG WR
WKHWKHUPDOLPSDFW


)LJ 3DUDPHWULFVHQVLWLYLW\DQDO\VLVRIWKHSURSRVHGPRGHO
,QFUHDVLQJ WKHFKLSKHOLFDODQJOHϴ LQFUHDVHV WKH WHPSHUDWXUH
RQ WKH FKLS IUHH VXUIDFH 7KXV WKH WKHUPDO LPSDFW RIϴ RQ
FKLS EUHDNDELOLW\ LV QHJDWLYH +RZHYHU LWV LPSDFW LV QRW DV
VHYHUHDVWKHLPSDFWRIWKHKHOLFDOUDGLXVU
7KH KHOLFDO SLWFK SK VKRZV D QHJOLJLEOH LQIOXHQFH RQ WKH
WHPSHUDWXUH'RXEOLQJDQGUHGXFLQJWKHSLWFKE\KDOIGRHVQRW
UHVXOWLQDVLJQLILFDQWPRGLILFDWLRQRIWKHWHPSHUDWXUH
)XWXUH ZRUN ZLOO IRFXV RQ WKH DQDO\VLV RI EURNHQ FKLSV RI
GLIIHUHQWPDWHULDOV%\PHDVXULQJWKHJHRPHWU\SDUDPHWHUVRI
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EURNHQ FKLSV LQ KDQG DQG LPSOHPHQWLQJ WKH JHRPHWU\
SDUDPHWHUVLQWRWKHSURSRVHGPRGHO LQVLJKWLVJHQHUDWHGLQWR
WKH WKHUPDO VHQVLWLYLW\ RI WKH GXFWLOH IDLOXUH EHKDYLRU RI WKH
FRQVLGHUHGPDWHULDOXQGHUWKHFRQGLWLRQVRIPHWDOFXWWLQJ%\
FRPELQLQJ WKH SURSRVHG PRGHO ZLWK PRGHOV GHVFULELQJ WKH
SODVWLF GHIRUPDWLRQ DQG VWDWH RI VWUHVV LQ WKH FKLS EUHDNDJH
ORFDWLRQGXFWLOHIUDFWXUHPRGHOVFDQEHFDOLEUDWHGZLWKVROHO\
EURNHQ FKLSV LQ KDQG QHHGHG &RQVLGHULQJ WKH GUDVWLFDOO\
UHGXFHG HIIRUW WR FDOLEUDWH VXFK IUDFWXUH ORFL WKH SURSRVHG
PRGHOLVUHJDUGHGDVDQHFHVVDU\FRQWULEXWLRQ
 &RQFOXVLRQ
&KLS EUHDNDJH LQLWLDWHV ZLWK GXFWLOH PDWHULDO IDLOXUH RQ WKH
FKLSIUHHVXUIDFH)RUPRVWPDWHULDOVWKHLQIOXHQFLQJIDFWRUVRI
WKHFULWLFDOGXFWLOH IDLOXUHVWUDLQVLQFOXGHWKHWHPSHUDWXUHDQG
VWUHVV VWDWH ,Q RUGHU WR GHYHORS SUHGLFWLYHPHWKRGRORJLHV RI
WRROSURFHVV GHVLJQ WKH UHODWLRQVKLSV EHWZHHQ WKH FKLS
JHRPHWU\DQGWKHVWDWHYDULDEOHVLQIOXHQFLQJGXFWLOHIDLOXUHLQ
WKHFKLSEUHDNDJHORFDWLRQKDYHWREHXQGHUVWRRG
,Q WKLVZRUNDQDQDO\WLFDOPRGHO LVSURSRVHGZKLFKSUHGLFWV
WKH WHPSHUDWXUH GLVWULEXWLRQ LQ WKH FKLS EUHDNDJH ORFDWLRQ RI
PHWDOFXWWLQJSURFHVVHVDVDIXQFWLRQRIWKHFKLSJHRPHWU\DQG
WRRO SDUDPHWHUV DV ZHOO DV WKH WKHUPRPHFKDQLFDO
ZRUNPDWHULDO SURSHUWLHV ,W LV DVVXPHG WKDW D FKDUDFWHULVWLF
SRUWLRQRI WKHSODVWLFHQHUJ\ZKLFK LVFRQYHUWHGRQ WKHFKLS
IUHH VXUIDFH WUDQVIRUPV LQ WR WKHUPDO HQHUJ\ 7KH ORFDOO\
FRQYHUWHGWKHUPDOHQHUJ\WKHQUHODWHVWRWKHORFDOWHPSHUDWXUH
7KH FRPSXWDWLRQRI WKH GLVWULEXWLRQRI WKH HTXLYDOHQW SODVWLF
VWUDLQZKLFKLVUHTXLUHGIRUWKHFDOFXODWLRQRIWKHWHPSHUDWXUH
LVEDVHGRQDQHDUOLHUZRUN
7KH DSSOLFDWLRQ RI WKH SURSRVHG PRGHO VKRZV WKDW WKH FKLS
KHOLFDO UDGLXVKDV WKHPRVW VHYHUH LPSDFWRQ WKH WHPSHUDWXUH
GLVWULEXWLRQ 7KH LPSDFW RI WKH FKLS KHOLFDO DQJOH LV
FRQVLGHUDEOH KRZHYHU QRW DV VHYHUH DV WKH LPSDFW RI WKH
UDGLXV7KHFKLSKHOLFDOSLWFKVKRZVDQHJOLJLEOHLQIOXHQFH
%\PHDVXULQJ WKHFKLSJHRPHWU\SDUDPHWHUVRIEURNHQFKLSV
LQ KDQG WKH SURSRVHG PRGHO HQDEOHV WR VWXG\ WKH WKHUPDO
VHQVLWLYLW\ RI WKH GXFWLOH IDLOXUH EHKDYLRU RI WKH UHJDUGHG
ZRUNSLHFHPDWHULDO
$FNQRZOHGJHPHQWV
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$SSURDFKHV EDVHG RQ 'DPDJH0HFKDQLFV *HUPDQ
9RUKHUVDJH YRQ 6SDQEUXFK EHL GHU =HUVSDQXQJ PLW JHRP
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